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[Title of Document] Specification 

[Title of the Invention] RADIO TERMINAL AND RADIO 
COMMUNICATION SYSTEM USING SAME 
[Scope of Claim for a Patent] 

5 [Claim l] A radio terminal which intermittently receives beacons 
transmitted from a radio base station at regular intervals and beacons 
having a delivery traffic indication map transmitted from the radio base 
station at certain beacon intervals, in which, having recognized that its 
packets are buffered in the radio base station by developing information 
10 elements as a result of reception of beacons, the radio terminal sends to 
the radio base station a control packet to urge delivery of the packets, 
thereby receiving the packets addressed to the radio terminal and 
buffered in the radio base station, characterized by comprising 

timer value changing means for dynamically changing timer 
15 values in cooperation with operation modes of communication 
applications running on the radio terminal. 

[Claim 2] A radio terminal which intermittently receives beacons 
transmitted from a radio base station at regular intervals and beacons 
having a delivery traffic indication map transmitted from the radio base 
20 station at certain beacon intervals, in which, having recognized that its 
packets are buffered in the radio base station by developing information 
elements as a result of reception of beacons, the radio terminal sends to 
the radio base station a control packet to urge delivery of the packets, 
thereby receiving the packets addressed to the radio terminal and 
25 buffered in the radio base station, characterized by comprising^ 

a plurality of communication applications to which respective 
timer values are individually set; 

computing means for conducting aggregative computations to 
obtain timer values for two or more communication applications in 
30 execution among the plural communication applications; and 
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setting means for setting the timer values obtained by the 
computing means. 

[Claim 3] The radio terminal in accordance with claim 1 or 2, 

characterized in that the timer value is an interval selected from divisors 
5 of the reception interval of the beacons having the delivery traffic 
indication map within the range of the beacon intermittent reception 
intervals, i.e., the range from the regular interval of beacons to the 
reception interval of beacons each including the delivery traffic 
indication map. 

10 [Claim 4] The radio terminal in accordance with claim 1 or 2, 

characterized in that the timer value changes a radio communication 
monitor period (IFS) timer value used as a reference for detecting a 
change of a channel at transmission from a busy state to an idle state 
and a random back-off time range of standby to wait at the transmission 
15 a random period of time for transmission from when the channel enters 
the idle state. 

[Claim 5] The radio terminal in accordance with claim 2, characterized 
in that the computing means outputs as a computation result a timer 
value having a minimum value selected from the respective timer values 
20 of the two or more communication applications in execution. 

[Claim 6] The radio terminal in accordance with one of claims 2 to 5, 
characterized by further comprising battery remaining charge detecting 
means for detecting remaining charge in a battery that supplies 
operation power, limit storage means for storing limit values of the timer 
25 values according to the remaining charge in the battery, and comparing 
means that compares the limit values of the timer values obtained from 
the limit value storage means based on the remaining battery charge 
detected by the battery remaining charge detecting means with the timer 
value computed by the computing means, and selects based on the result 
30 of the comparison either one of the limit value of the timer value and the 
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computed timer value to set the value by the setting means. 

[Claim 7] The radio terminal in accordance with claim 6, characterized 
in that the comparing means selects the computed timer value if the 
computed timer value is equal to or more than the limit value of the 
5 timer value, and selects the limit value of the timer value if the 
computed timer value is less than the limit value of the timer value. 
[Claim 8] The radio terminal in accordance with claim 7, characterized 
in that the limit value storing means has stored the smaller timer value 
as the limit value as the battery remaining charge is smaller, and if the 
10 battery remaining charge is equal to or less than a predetermined value 
on the basis of the selection of the timer value by the comparing means, 
the intermittent reception interval is made to be longer than a 
predetermined interval as compared with when the battery remaining 
charge is more than the predetermined value. 

15 [Claim 9] The radio terminal in accordance with claim 7, characterized 
in that the limit value storing means has stored the less timer value as 
the limit value as the battery remaining charge is smaller, and if the 
battery remaining charge is equal to or less than a predetermined value 
on the basis of the selection of the timer value by the comparing means, 
20 the radio communication monitor period (IFS) timer value and the 
random back-off time range are made to be shorter as compared with 
when the battery remaining charge is more than the predetermined 
value. 

[Claim 10] A radio communication system, comprising a radio base 
25 station which transmits beacons at regular intervals and beacons having 
a delivery traffic indication map at certain beacon intervals, and once 
buffers packets to a radio terminal operating in a power-save mode after 
the completion of negotiations in a memory and one or more radio 
terminals which intermittently receive beacons transmitted from the 
radio base station, and, when recognizing that packets addressed thereto 
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are buffered in the radio base station by developing information elements 
after reception of beacons, sends to the radio base station a control 
packet to urge delivery of the packets, thereby receiving the packets 
buffered in the radio base station, characterized in that the radio 
5 terminal in accordance with one of claims 1 to 9 is used as the radio 
terminal. 

[Detailed Description of the Invention] 

[ 0001 ] 

[Technical Field Pertinent to the Invention] 

10 The present invention relates to a radio terminal and a radio 

communication system using the same, and in particular, to a radio 
terminal and a radio communication system using the same, which 
comprises a radio base station connected to a Local Area Network (LAN) 
communication line or a Wide Area Network (WAN) communication line 
15 using a radio medium as a transmission medium, and radio mobile 
terminals connected to the LAN communication line or WAN 
communication line via the radio base station by using a radio medium 
as a transmission medium. 

[ 0002 ] 

20 [Related Art] 

In a conventional radio communication system conducting 
power-saving control, for example, in a wireless LAN system using a 
radio medium as a transmission medium, the power-saving operation in 
a radio terminal is used by intermittently receiving beacons from a radio 
25 base station (reference is to be made to Patent Document 1 and 
Non-Patent Document l). That is, when the power-save mode is set, the 
radio terminal obtains a beacon transmitted from a radio base station, 
develops respective information elements, and carries out an 
intermittent receiving operation based on the beacon interval included in 
30 the beacon and a beacon interval having a Delivery Traffic Indication 




5 



Map (DTIM). 

[0003] 

A radio terminal operating in the power-save mode informs the 
radio base station of its operation using a frame control field. The radio 
5 base station buffers packets addressed to the radio terminal operating in 
the power-save mode in a memory of the radio base station, and informs 
the radio terminal by a traffic indication map (TIM) included in a beacon 
that the packets have been buffered. 

[0004] 

10 The radio terminal operating in the power-save mode receives 

beacons intermittently from the radio base station. After receiving the 
beacons, the radio terminal develops information elements, and when it 
is recognized from the TIM that the packets sent thereto has been 
buffered, the radio terminal sends to the radio base station a control 
15 packet (PS -Poll) urging delivery, thereby receiving the packets addressed 
thereto and buffered by the radio base station. 

[0005] 

Additionally, a broadcast packet is transmitted subsequent to a 
beacon with DTIM. The radio terminal receives at least a beacon with 
20 DTIM to receive the broadcast packet. 

[0006] 

Fig. 11 is a sequence chart showing an outline of the operation of 
the conventional wireless LAN system in a continuous receiving mode for 
the normal operation and the power-save mode for the intermittent 
25 receiving operation. Radio terminals 1220 and 1230 are accommodated 
in a radio base station 1210. The radio terminal 1220 is operating in 
the normal continuous receiving mode, while the radio terminal 1230 is 
operating in the power-save mode which is a control mode to conduct the 
power-saving operation in a general wireless LAN system. 

30 [0007] 
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Since the radio terminal 1220 operating in the continuous 
receiving mode is always being powered, the radio base station transmits 
a packet therefrom without buffering it (P10), the terminal 1220 can 
receive the packet without delay (P20). On the other hand, the radio 
5 terminal 1230 operating in the power-save mode is controlled as to 
power-on and power-off in synchronism with the intervals of beacons 
with DTIM, i.e., DB1 and DB2 transmitted from the radio base station 
1210. After a packet P10 addressed to the radio terminal 1230 arrives 
at the radio base station 1210, the packet is notified by the next beacon 
10 with DTIM to the terminal 1230. Having recognized by the information 
that the radio base station 1210 has buffered the packet addressed to the 
terminal 1230, the terminal 1230 transmits a PS-Poll packet PS1 to the 
radio base station 1210, and receives in response thereto the packet P30 
thereto buffered in the base station 1210 and sent from the base station 
15 1210. 

[0008] 

[Patent Document l] 

Japanese Patent Application laid open No. HEI9-162798 (FIGS. 14 to 20) 
[Non-Patent Document l] 

20 ANS/IEEE Std 802. 11, 1999 Edition “Part 11- Wireless LAN Medium 
Access Control (MAC) and Physical Layer (PHY) Specifications”, 
p. 128-133 
[0009] 

[Problem to be solved by the Invention] 

25 However, in the conventional radio communication system in the 

wireless LAN system, the power-saving operation is conducted in a radio 
terminal by intermittently receiving beacons from the radio base station. 
Besides, it is necessary to receive at least a beacon with DTIM to receive 
the broadcast packet (multicast and broadcast). 

30 [0010] 
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Power saving on the radio terminal is achieved by lengthening the 
interval between the receiving of beacons from the radio base station if 
there is no traffic. However, when the receiving interval is lengthened, 
the acquisition of the TIM is delayed at occurrence of a packet addressed 
5 to the radio terminal, which leads to a problem that delay occurs in the 
reception of the packet addressed thereto. 

[ 0011 ] 

In addition, the radio base station buffers in the memory packets 
addressed to the radio terminal operating in the power-save mode. 

10 Consequently, when the receiving interval is elongated on the radio 
terminal operating in the power-save mode, delivery of the packets to the 
radio terminal is delayed, and it is hence required that the packets are 
saved in the memory of the radio base station. 

[ 0012 ] 

15 In the real-time communication of voice, moving images, and the 

like, if the radio terminal in the power-save mode operates at long 
receiving intervals when repeating transmission and reception, packets 
addressed to the radio terminal in the mode are once buffered by a radio 
base station and are delivered thereto in the next receiving period, which 

20 hence causes a packet delay. Particularly, in the communication for the 
real-time delivery of the voice and the moving images, the occurrence of 
the delay in packets to be received by the radio terminal is a problem 
because this disrupts the reproducibility of data. 

[0013] 

25 Furthermore, in the wireless LAN communication, the Carrier 

Sense Multiple Access protocol with Collision Avoidance (CSMA/CA) 
procedure is performed to avoid a collision during data transmission. 
However, for the radio terminal operating in the power- save mode to 
receive the packets buffered in the radio base station regardless of the 

30 communicating application, the same radio communication monitor 
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period (Inter Frame Spaced IFS) is applied to every control packet 
(PS-Poll) issuing a transmission request of packets to the radio base 
station. There hence exists also a problem. For example, in the 
communication requiring real-time processing such as voice 
5 communication, it is not possible to minimize delays to the maximum 
extent and to preferentially assign transmission right. 

[0014] 

Moreover, at transmission, there is used the back-off algorithm in 
which when random wait time has passed after the assignment of the 
10 transmission right, the transmission is actually conducted. 
Consequently, it is required to wait the random time regardless of the 
contents of transmission data, which also leads to a problem in which in 
the real-time communication such as voice communication requiring 
real-time processing, even if it is desired to suppress the delay to the 
15 maximum extent, the suppression of the delay cannot be carried out. 
[0015] 

It is therefore an object of the present invention, which has been 
devised in consideration of the above points, to provide a radio terminal 
and a radio communication system using the same, in which the 
20 intermittent receiving interval for the purpose of power-saving in each 
radio terminal can be changed according to the operation mode of the 
application, and priorities are assigned to polling data to the radio base 
station and 

data transmitted from the radio base station to the radio terminal in 
25 response to the polling data according to the operation mode of the 
application, thereby respectively enabling the power-saving, the 
improvement of the communication quality of the application such as 
voice communication requiring real-time operation, and a reduction of 
the packet delay. 

30 [0016] 
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[Means for Solving the Problem] 

To achieve the above object, a radio terminal of a first invention 
is a radio terminal which intermittently receives beacons transmitted 
from a radio base station at regular intervals and beacons having a 
5 delivery traffic indication map transmitted from the radio base station at 
certain beacon intervals, in which, having recognized that its packets are 
buffered in the radio base station by developing information elements as 
a result of reception of beacons, the radio terminal sends to the radio 
base station a control packet to urge delivery of the packets, thereby 
10 receiving the packets addressed to the radio terminal and buffered in the 
radio base station, and the radio terminal comprises timer value 
changing means for dynamically changing timer values in cooperation 
with operation modes of communication applications running on the 
radio terminal. 

15 [0017] 

In this invention, since the timer value is dynamically changed 
according to the operation mode of the in- execute communication 
application, there can be conducted control to suppress the consumed 
power to the maximum extent even if the communication application is 
20 in communication. 

[0018] 

Additionally, to achieve the above object, a radio terminal of a 
second invention is a radio terminal which intermittently receives 
beacons transmitted from a radio base station at regular intervals and 
25 beacons having a delivery traffic indication map transmitted from the 
radio base station at certain beacon intervals, in which, having 
recognized that its packets are buffered in the radio base station by 
developing information elements as a result of reception of beacons, the 
radio terminal sends to the radio base station a control packet to urge 
30 delivery of the packets, thereby receiving the packets addressed to the 
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radio terminal and buffered in the radio base station. The radio 
terminal comprises a plurality of communication applications to which 
respective timer values are individually set, computing means for 
carrying out aggregative computations to obtain timer values for two or 
5 more communication applications in execution among the plural 
communication applications, and setting means for setting the timer 
values obtained by the computing means. 

[0019] 

In this embodiment, since the intermittent receiving interval can 
10 be arbitrarily changed only by the setting on the radio terminal side 
regardless of the radio base station according to the timer value obtained 
by carrying out aggregative computations for two or more communication 
applications, it is possible in a situation where a plurality of radio 
terminals are connected to one radio base station that the respective 
15 radio terminals conduct the beacon intermittent receiving operation at 
mutually different intermittent receiving intervals. 

[ 0020 ] 

Also, to achieve the object, a radio terminal of a third invention is 
characterized in that the timer value is an interval selected from divisors 
20 of the reception interval of the beacons having the delivery traffic 
indication map within the range of the beacon intermittent reception 
intervals, i.e., the range from the regular interval of beacons to the 
reception interval of beacons each including the delivery traffic 
indication map. In this invention, when compared with the 
25 conventional apparatus which operates in the intermittent receiving 
mode synchronized with the ordinary beacon with the delivery traffic 
indication map, the intermittent receiving operation can be conducted 
with a shorter interval of time in many cases. Therefore, it is possible 
to recognize, earlier as compared with the conventional case, that the 
30 packet addressed to the radio terminal has been buffered in the radio 
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base station. 

[ 0021 ] 

In addition, to achieve the object, a radio terminal of a fourth 
invention is characterized in that the timer value changes a radio 
5 communication monitor period (IFS) timer value used as a reference for 
detecting a change of a channel at transmission from a busy state to an 
idle state and a random back-off time range of standby to wait at the 
transmission a random period of time for transmission from when the 
channel enters the idle state. In this invention, the communication 
10 application in communication can set priority, and hence the packet 
addressed to the radio terminal can be received earlier as compared with 
the conventional case. 

[ 0022 ] 

Also, to achieve the object, a radio terminal of a sixth invention is 
15 characterized by further comprising, in addition to the configuration of 
either one of the second to fifth invention, battery remaining charge 
detecting means for detecting remaining charge in a battery that 
supplies operation power, limit storage means for storing limit values of 
the timer values according to the remaining charge in the battery, and 
20 comparing means that compares the limit values of the timer values 
obtained from the limit value storage means based on the remaining 
battery charge detected by the battery remaining charge detecting means 
with the timer value computed by the computing means, and selects 
based on the result of the comparison either one of the limit value of the 
25 timer value and the computed timer value to set the value by the setting 
means. 

[0023] 

In this invention, when the battery remaining charge becomes 
smaller, the operation can be controlled on the basis of the limit value of 
30 the timer value. Particularly, as in the eighth invention, the limit value 
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storage means has stored as the limit value the timer value which is 
smaller as the battery remaining charge is smaller; in a situation where 
if the battery remaining charge is equal to or less than a predetermined 
value according to the selection of the timer value by the comparing 
5 means, the intermittent receiving interval is elongated to be more than 
the predetermined interval as compared with when the battery 
remaining charge is more than a predetermined value, it is possible, 
when the battery remaining charge becomes equal to or less than the 
predetermined value, that the intermittent receiving interval is not 
10 reduced to be equal to or less than the predetermined value. 

[0024] 

Furthermore, as in a ninth invention, the limit value storage 
means has stored as the limit value the timer value which is smaller as 
the battery remaining charge is smaller; in a situation wherein if the 
15 battery remaining charge is equal to or less than a predetermined value 
according to the selection of the timer value by the comparing means, the 
priority of the in-execution communication application can be increased 
if the radio communication monitor period (IFS) timer value and the 
random back-off time range are shortened as compared with when the 
20 battery remaining charge is more than a predetermined value. 
Therefore, it is possible to prevent an event in which the application in 
execution is abruptly interrupted. Also, since the preferential 
transmission is possible, the wait time can be shortened and the 
consumed power can be suppressed. 

25 [0025] 

In addition, to achieve the object, a radio communication system 
of a tenth invention comprises a radio base station which transmits 
beacons at regular intervals and beacons having a delivery traffic 
indication map at certain beacon intervals, and once buffers packets to a 
30 radio terminal operating in a power- save mode after the completion of 
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negotiations in a memory and one or more radio terminals which 
intermittently receive beacons transmitted from the radio base station, 
and, when recognizing that packets addressed thereto are buffered in the 
radio base station by developing information elements after reception of 
5 beacons, sends to the radio base station a control packet to urge delivery 
of the packets, thereby receiving the packets buffered in the radio base 
station, characterized in that the radio terminal in accordance with one 
of claims 1 to 9 is used as the radio terminal. 

[0026] 

10 [Mode for Carrying Out the Invention] 

Next, referring to the drawings, description will be 
given of embodiments of the present invention. FIG. 1 is a 
sequence chart to explain a general operation of an 
embodiment of a radio communication system in accordance 
15 with the present invention. FIG. 1 is a sequence chart of a 
radio communication system which includes a radio base 
station 11 and radio terminals 12*1, 12*2 and 13'3 connected 
with each other via a LAN communication line or a WAN 
communication line and in which the radio terminals 12-1, 
20 12-2 and 12-3 are accommodated in the radio base station 11. 

The radio base station 11 once buffers packets to the radio 
terminals that belong to the station 11 and carry out the 
intermittent receiving operation, and sends the packets to the 
respective radio terminals at reception of transmission 
25 requests therefrom. 

[0027] 

In the radio communication system of FIG. 1, the radio terminal 
12-1 is a radio terminal on which a “Web browser” application is running, 
the radio terminal 12-2 is a radio terminal on which a “chat” application 
30 is running, and the radio terminal 12-3 is a radio terminal on which a 
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“VoIP” application is running. 

[0028] 

The radio terminals 12-1, 12-2 and 12-3 perform the intermittent 
receiving operation at different intervals of time, respectively, in 
5 synchronism with multiples of beacons transmitted from the radio base 
station 11 at a regular time interval. The intermittent receiving 
intervals for the radio terminals 12-1, 12-2 and 13-3 are determined 
according to the operation modes of the applications running on the 
respective terminals. 

10 [0029] 

The intermittent receiving interval is selected from divisors of the 
interval of beacons with DTIM within the range of from a fixed interval 
of beacons including the TIM to the interval of beacons with DTIM 
including DTIM as TIM. In other words, the shortest intermittent 
15 receiving interval is the interval of beacons with TIM, and the longest 
receiving interval is the interval between beacons with DTIM (= n x TIM 
interval (n is an arbitrary item)). Accordingly, it becomes possible to 
change the intermittent receiving interval of each radio terminal in 
cooperation with the operation mode of the application, and hence 
20 power-saving control of the radio terminal can be executed precisely. 
[0030] 

Also, the radio terminals 12-1, 12-2 and 12 _ 3 can maintain the 
priorities of packet transmission requests (PS-Poll) transmitted to the 
radio base station 11. The priorities are set based on the operation 
25 modes of the applications running on each of the radio terminals 12-1, 
12-2 and 12-3. Consequently, packets of real-time communication such 
as voice can be preferentially transmitted, and it is hence possible to 
reduce delay and to improve voice quality. 

[0031] 

30 Next, the operation of the embodiment of the present invention 
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shown in FIG. 1 will be described in detail. It is assumed that the radio 
terminals 12-1, 12-2 and 12-3 have already completed negotiations with 
the radio base station 11 and have informed to the base station 11 that 
the terminals 12-1, 12-2 and 12-3 are operating in power-save mode. 

5 [0032] 

As FIG. 1(A) shows, the radio base station 11 transmits beacons 
at regular time intervals, and transmits beacons with DTIM at certain 
beacon intervals. The radio base station 11 once buffers in the memory 
thereof packets addressed to the radio terminals operating in the 
10 power- save mode after completion of the negotiations, and sends the once 

buffered packets to the radio terminals upon receipt of transmission 
requests from the radio terminals operating in the power-save mode. 
Assume that the DTIM interval is set to, for example, “8”. 

[0033] 

15 The radio terminals 12-1, 12-2 and 12-3 represent situations in 

which mutually different applications are running. It is assumed, for 
example, that the WEB browser is running and the state is in 
communication in the radio terminal 12-1. In the radio terminal 12-1, if 
the AP-ID is set to “3” and the power-saving rate is set to 100% in an 
20 inside parameter storage, which will be described later, from the 
communication application, a wake-up timer value is set to “8” by a timer 
determining section, which will also be described later; and the radio 
terminal 12-1 performs the intermittent receiving operation at an 
intermittent receiving interval of eight TIM. 

25 [0034] 

The radio terminal 12-1 receives a broadcast packet sent from the 
radio base station 11 at timing indicated by BP0 in FIG. 1(B), and never 
fails to receive the packet since power is on for the DTIM interval. As 
FIG. l(A) shows, when packets to the radio terminal 12-1 are buffered in 
30 the memory of the radio base station 11 at a point of time P0, the radio 
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terminal 12-1 recognizes presence of the packets addressed thereto at 
timing of the power on, transmits a control packet (PS-Poll) to the radio 
base station 11 as shown in FIG. l(B), and receives the packets thereto 
at a point of time PI. 

5 [0035] 

Assume that on the radio terminal 12-2, the chat is running and 
the terminal is in communication. If the AP-ID is set to “2” and the 
power-saving rate is set to 70% in the parameter memory of the radio 
terminal 12*2 from the communication application, the wake-up timer 

10 value is set to “4” by the timer determining section, which will be 

described later, and the radio terminal 12-2 performs the intermittent 
receiving operation at an intermittent receiving interval of four TIM. 
[0036] 

As in the case of the radio terminal 12-1, a broadcast packet sent 
15 from the radio base station 11 is received at timing indicated by BP0 in 

FIG. l(C), and the terminal never fails to receive the packet since power 
is on for DTIM interval. When packets to the radio terminal 12-2 are 
buffered in the memory of the radio base station 11 at the point of time 
P0 shown in FIG. l(A), the radio terminal 12-2 recognizes existence of 
20 the packets thereto at timing of the next power on, transmits a control 
packet (PS-Poll) to the radio base station 11, and receives the packets 
thereto at the point of time P2 shown in FIG. l(C). 

[0037] 

Assume that, for example, the VoIP is running on the radio 
25 terminal 12-3 and the terminal is in communication. If the AP-ID is set 
to “1” and the power-saving rate is set to 10% in the parameter memory 
of the radio terminal 12-3 from the communication application, the 
wake-up timer value is set to “1” by the timer determining section, which 
will be described later; and the radio terminal 12-3 performs the 
30 intermittent receiving operation at an intermittent receiving interval of 
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one TIM. 

[0038] 

As in the case of the radio terminals 12-1 and 12-2, the radio 
terminal 12-3 receives a broadcast packet sent from the radio base 
5 station 11 at timing indicated by BPO in FIG. 1(D) and never fails to 
receive the packet since power is on for the DTIM interval. If packets to 
the radio terminal 12-3 are buffered in the memory of the radio base 
station 11 at the point of time P0 shown in FIG. 1 (A), the radio terminal 
12-3 recognizes presence of the packets thereto at timing of the next 
10 power on, transmits the control packet (PS-Poll) to the radio base station 
11, and receives the packets thereto at the point of time P3 shown in FIG. 
1(D). 

[0039] 

In this embodiment, one application is running on the radio 
15 terminals 12-1, 12-2 and 12-3. However, in a case where a plurality of 
communication applications are running on the respective radio 
terminals, such operation is conducted also as the intermittent receiving 
operation which is conducted in cooperation with the operation modes of 
the applications by the timer determining section, which will be 
20 described later. Additionally, even in a case where the plural radio 
terminals 12*1, 12*2 and 12-3 are connected to the same radio base 
station 11, the terminals 12-1, 12-2 and 12-3 can perform intermittent 
receiving operations at mutually different intermittent receiving 
intervals according to the operation modes of the applications running on 
25 the radio terminals. Also, when the radio terminals transmit packets, 
the transmission of packets is conducted after the intermittent receiving 
operation. 

[0040] 

FIG. 2 shows a configuration diagram of an embodiment of a radio 
30 communication system according to the present invention. The radio 
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communication system shown in FIG. 2 includes a radio base station 21, 
radio terminals 22 and 23 of the present invention, and a terminal unit 
24 connected to the radio base station 21 via a LAN communication line 
or a WAN communication line, and configures a radio network to provide 
5 the communication of voice, moving images, and the like. 

[0041] 

After recognizing that each of the radio terminals 22 and 23 
makes a transition to the power-save mode on receipt of a control packet, 
the radio base station 21 buffers packets to the terminals 22 and 23 in a 
10 memory of the base station 21, and conducts operation to inform the 
condition to the terminals 22 and 23 by the TIM of the beacon. The 
radio terminals 22 and 23 can communicate with the terminal unit 24 
connected to a LAN communication line or a WAN communication line 
via the radio base station 21 by using the internet protocol (IP). 

15 [0042] 

The radio terminals 22 and 23 conduct connection negotiations 
with the radio base station 21 using a wireless physical layer to operate 
as one terminal in this network. After the negotiations are concluded, 
the radio terminals 22 and 23 receive a beacon from the radio base 
20 station 21, and then develop respective information elements to obtain 
the beacon interval; thereafter, the radio terminals 22 and 23 operate 
in the intermittent receiving mode at intervals of beacons with DTIM. 
[0043] 

Subsequently, description will be given of the configuration of an 
25 embodiment of a radio terminal according to the present invention. FIG. 
3 is a block diagram showing the configuration of the embodiment of a 
radio terminal according to the present invention. In FIG. 3, the radio 
terminal includes communication applications 31 (311 to 31n), a 
communicating application memory 32, a parameter memory 33, a timer 
30 value memory 34, an application communication management control 
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section 35, a timer determining section 36, a timer control section 37, a 
power control section 38, a communication control section 39, and a radio 
communication interface section 40. 

[0044] 

5 The communication application 31 indicates a communication 

application running on the radio terminal. As for the communication 
application 31, while FIG. 3 shows n (n is an integer larger than l) 
communication applications 311 to 31n being active, there may be a case 
where no active application is present. When activated, the 
10 communication application 31 sets necessary parameters in the 
parameter memory 33. Moreover, at termination, the communication 
application 31 deletes the parameters set at activation thereof from the 
parameter memory 33. The communication application 31 informs the 
start and cutoff of communication to the application communication 
15 management control section 35. 

[0045] 

The communicating application memory 32 has stored 
applications currently being in communication by use of uniquely 
identifiable values, which are set by the application communication 
20 management control section 35. Referring to FIG. 4, for example, the 
communicating application memory 32 has stored the values of AP'IDs 
to identify applications; and the AP-ID of a value “zero” is set as a state 
in which no communication application is being executed, that is, the 
value is stored as an initial value in advance (40 1). 

25 [0046] 

The communicating application memory 32 keeps values which 
are uniquely determined and which correspond to the running 
communication applications and has stored in the example of FIG. 4 an 
event that applications with AP-ID values of “1” and “3” are currently 
30 communicating (411, 412). 
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[ 0047 ] 

The parameter memory 33 shown in FIG. 3 keeps the 
power-saving rate corresponding to the running communication 
application 31, the rate being set by the communication application 31. 

5 For example, the parameter memory 33 is configured as indicated by 33a 
in FIG. 4 and if the APTD value is “0” as indicated by 420 in the diagram, 
the memory 33 beforehand stores the power-saving rate as 100%. That 
is, if no application is activated, the radio terminal of the present 
invention carries out the intermittent receiving operation at intervals of 
10 beacons with DTIM. 

[0048] 

Similarly, if the APTD value is “1” as indicated by 421 in FIG. 4, 
the parameter memory 33a beforehand stores 10% as the power saving 
rate; if the APTD value is “2” as indicated by 422, the parameter 
15 memory 33a beforehand stores 70 % as the power saving rate; and if the 
APTD value is “3” as indicated by 423, the parameter memory 33a 
beforehand stores 100% as the power saving rate. 

[0049] 

The timer value memory 34 shown in FIG. 3 is used as the 
20 intermittent receiving interval of the radio terminal that conducts the 
intermittent receiving operation of the present invention. A wake-up 
timer value 341 stored in the timer value memory 34 is determined by 
the timer determining section 36 and is set by the section 36. The timer 
determining section 36 beforehand sets, to the wake-up timer value 341, 
25 the DTI interval obtained by receiving a beacon after the completion of 
negotiations with the radio base station. 

[0050] 

The application communication management control section 35 
receives notification of the APTD and the start and cut-off of 
30 communication fro the communication application 31. At start of 
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communication, the management control section 35 adds the AP-ID of an 
application being in communication; at cut-off of communication, the 
control section 35 deletes the AP-ID. In addition, the management 
control section 35 notifies a switch of the in-communication application 
5 to the timer determining section 36. 

[0051] 

Having received the notification of the switch of the 
in-communication application from the management control section 35, 
the timer determining section 36 obtains the AP-IDs of applications 
10 currently in communication from the communicating application memory 
32 to recognize the applications being in communication. Besides, the 
timer determining section 36 obtains the power-saving rates for the 
in-communication applications from the parameter memory 33 based on 
the obtained AP-IDs of the currently in-communication applications to 
15 obtain therefrom the minimum power-saving rate. In addition, the 
timer determining section 36 actually attains an intermittent receiving 
interval for the radio terminal of the present invention according to the 
obtained power-saving rates by using the DTIM interval and TIM 
interval fed by the communication control section 39 to set the 
20 intermittent receiving interval as the wake-up timer value 341 in the 
timer value memory 34. 

[0052] 

The timer control section 37 obtains the intermittent receiving 
interval from the wake-up timer value 341 and continuously provides the 
25 power control section 38 with the timer at an interval of the TIM 
intervals equal to several wake-up timer values 341. The timer control 
section 37 starts providing the timer on the basis of the receipt of the 
beacon with the DTIM. Additionally, the timer control section 37 
corrects the timer at beacon receiving timing from the communication 



30 control section 39. 
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[ 0053 ] 

The power control section 38 repeatedly conducts operation in 
which the section 38 turns on the power of the radio communication 
interface section 40 based on the timer fed from the timer control section 
5 37 and turns off the power in response to a cut-off request from the 

communication control section 39. 

[0054] 

The communication control section 39 controls the radio 
communication interface section 40 to transmit data from the 
10 communication application 31 and to deliver data received by the 
interface section 40 to the application 31. Also, the communication 
control section 39 conducts the negotiation processing with the radio 
base station and the processing of beacons sent from the radio base 
station to thereby notify the TIM interval and DTIM interval obtained 
15 from the beacons to the timer determining section 36. In addition, the 
communication control section 39 sends a power cut-off request of the 
radio communication interface section 40 after beacon reception or data 
reception to the power control section 38. 

[0055] 

20 The radio communication interface section 40 executes processing 

to transmit by radio data received from the communication control 
section 39. Also, the radio communication interface section 40 executes 
processing to receive data sent by radio from the radio base station and 
passes the received data to the communication control section 39. The 
25 power of the radio communication interface section 40 is turned on and 
off by the power control section 38. 

[0056] 

Next, description will be given in detail of the operation of the 
embodiment by referring to FIGS. 2 to 5. In FIG. 2, having been 
30 activated, the radio terminal 22 conducts negotiations with the radio 
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base station 21 to enter, after the completion of the negotiation, a state 
in which no communication application is in operation. On this occasion, 
since the DTIM interval is set as the wake-up timer value 341 in the 
timer value memory 34 shown in FIG. 3 in the radio terminal 22, the 
5 radio terminal 22 performs the intermittent receiving operation at DTIM 
intervals. 

[0057] 

When activated, the communication application 31 stores in the 
parameter memory 33 the APTD and the power-saving rate 
10 corresponding to the application 31. In the operation, the APTD is 
uniquely assigned to the communication application 31. For example, if 
“1” is assigned as the APTD for the activated communication application 
311, the power-saving rate is stored as 10% as indicated by 411 and 421 
in FIG. 4. 

15 [0058] 

Subsequently, when communication is actually stared in the 
communication application 311, the start of the communication 
application is notified to the application communication management 
control section 35. For example, the start of communication of APTD 
20 "1" is notified. If the notification of communication is received from the 

communication application 311, the management control section 35 
determines that communication has been started (step A51 of FIG. 5) 
and adds the passed APTD to the communicating application memory 32 
as indicated by 411 in FIG. 4 (step A52 of FIG. 5). 

25 [0059] 

After having added the APTD to the memory 32, the management 
control section 35 notifies to the timer determining section 36 that a 
switch has been made in communication. When the notification of the 
switch of communication is received from the management control 
30 section 35, the timer determining section 36 searches the communicating 
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application memory 32 to obtain applications currently being in 
communication (step A53 of FIG. 5). 

[0060] 

Next, the timer determining section 36 searches the parameter 
5 memory 33 (33a) to obtain all power-saving rates for the obtained AP-IDs 
(step A54 of FIG. 5). If the obtained AP’IDs of the communication 
applications in execution are, for example, “0”, “1” and “3”, the respective 
power-saving rates are “100%”, “10%” and “100%” for the AP-IDs “0”, “1” 
and “3” as indicated by 420, 421 and 423 in FIG. 4. 

10 [0061] 

Subsequently, the timer determining section 36 determines using 
the obtained power-saving rates the power-saving rate having the 
minimum value (step A55 of FIG. 5). As above, when the timer 
determining section 36 has retrieved a plurality of communication 
15 applications in execution (three in the above case), the determining 
section 36 aggregately computes the power-saving rates corresponding to 
the operation modes of these communication applications to obtain the 
power-saving rate having the minimum value. In the above case, since 
the power-saving rates are 100% and 10%, it is determined that 10% is 
20 the power-saving rate. 

[0062] 

Subsequently, the timer determining section 36 attains the 
intermittent receiving interval based on the minimum rate (step A56 in 
FIG. 5). As an example of attaining the intermittent receiving interval, 
25 there is adopted a method as below. The timer determining section 36 
obtains divisors from the DTIM interval, equally divides the percentage 
by the number of the divisors, and uses an intermittent receiving 
interval of a section matching with the power-saving rate. For example, 
if the DTIM interval is “8”, there are four divisors, “1”, “2”, “4” and “8”; 
30 when the percentage is equally divided by the number of the divisors, 
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there are obtained the results, i.e., from 0% to 25% for “1”, from 26% to 
50% for “2”, from 51% to 75% for “ 4 ” and from 76% to 100% for “8”. 

[0063] 

Accordingly, if the power-saving rate determined in step A55 is 
5 10%, the intermittent receiving interval is determined as “1” in step A56. 

The timer determining section 36 stores the intermittent receiving 
interval thus decided in the timer value memory 34 as the wake-up timer 
value 341 (step A57 of FIG. 5). The timer control section 37 multiplies 
in any situation the TIM interval (beacon interval) based on the value of 
10 the wake-up timer value 341 in the timer value memory 34, and provides 
the power control section 38 with the timer on the basis of the product. 
Therefore, if the wake-up timer value 341 changes due to the start of the 
operation of a communication application, the intermittent receiving 
interval for the radio terminal of the present invention also changes in 
15 cooperation therewith. That is, in the present embodiment, the radio 
terminal determines the power-saving rate value of the shortest timer 
value, i.e., the power-saving rate having the minimum value to thereby 
select an item with the shortest intermittent receiving interval. 

[0064] 

20 Incidentally, when the established communication of an 

application is cut off, the communication application 311 informs the 
application communication management control section 35 of the cutoff 
of communication of the application. Having received the information 
about the cutoff of the communication from the communication 
25 application 311, the management control section 35 determines that the 
communication has been cut off (step A51 of FIG. 5) and deletes the 
AP-ID corresponding to the informed AP-ID from the in-communication 
application memory 32 (step A58 of FIG. 5). 

[0065] 

30 After deleting the corresponding AP-ID from the memory 32, the 
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management control section 35 informs the timer determining section 36 
that a switch has been made in communication. In the processing 
thereafter, the operation proceeds to the aforementioned step A53, and 
then the processing of steps A53 to A57 is executed. 

5 [0066] 

In step A58, if all AP-IDs of in- communication applications are 
deleted from the communicating application memory 32, only the AP-ID 
having a value of “0” given as an initial value remains, and hence the 
intermittent receiving operation is conducted at DTIM intervals if there 
10 exists no in-communication application. 

[0067] 

As above, according to the present embodiment, since the 
intermittent receiving interval can be dynamically changed by 
applications in communication, even if there is any application being in 
15 communication, electric power consumption can be reduced as much as 
possible. Moreover, if a plurality of radio terminals are connected to 
one radio base station, since the intermittent receiving interval of radio 
terminal performing the intermittent receiving operation can be freely 
changed only by the setting on the radio terminal side regardless of the 
20 radio base station, the respective radio terminals can conduct the 
intermittent receiving operation at mutually different intermittent 
receiving intervals. 

[0068] 

Furthermore, according to the embodiment, since the intermittent 
25 receiving interval of each radio terminal performing the intermittent 
receiving operation can be freely changed only by the setting on the radio 
terminal side regardless of the radio base station, there is no need for 
any special radio base station. Therefore, it is possible to readily 
employ the radio base stations being broadly used at present. 

30 [0069] 
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Incidentally, while description has been given of the 
communication between the radio base stations 21 and 22, the similar 
operation is conducted also with the radio terminal 23 connected to the 
same radio base station 11. Furthermore, in conjunction with the 
5 embodiment of FIG. 1, although description has been given of operations 
of “VoIP”, “chat” and “WEB browser” applications, the similar operation 
is conducted, in addition thereto, in any other communication 
applications such as applications for instant messages and videophones. 
In addition, in the embodiment of the radio terminal of FIG. 3, although 
10 the communication application 31 sets necessary parameters in the 
parameter memory 33, the parameters may be automatically changed by 
judging the contents of communicated data. 

[0070] 

Subsequently, description will be given in detail of another 
15 embodiment of the present invention by referring to the drawings. This 
embodiment differs from the before-mentioned embodiment in the 
construction of the radio terminal that the configuration of the timer 
value memory 34 includes, in addition to that of the timer value memory 
34 shown in FIG. 3, a radio communication monitor (IFS) timer value 
20 342 used as the reference to detect a change of a channel from the busy 

state to the idle state on a wireless LAN at the time of transmission and 
a random back-off time range 343 which is the transmission time range 
of standby to wait a random period of time before transmission from 
when the channel enters the idle state at the time of transmission. 

25 [0071] 

Besides, the configuration of the parameter memory 33 shown in 
FIG. 3 of the present embodiment is other than that of the parameter 
memory 33a shown in FIG. 4, namely, is the configuration of the 
parameter memory 33b shown in FIG. 6. Additionally, the timer 
30 determining section 36 shown in FIG. 3 is different, i.e., the different 
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point is that new functions are added to the timer control section 37 and 
the communication control section 39. 

[0072] 

The parameter memory 33b shown in FIG. 6 stores priorities 
5 corresponding to the communication applications 31 currently in 

operation and are set from the communication applications 31. For 
example, if the AP-ID value is “0”, the parameter memory 33b 
beforehand stores “low” priority as indicated 620 in FIG. 6. In other 
words, if no application is activated, the radio terminal of the present 

10 invention conducts the receiving operation at the priority of “low”. 

[0073] 

Similarly, the parameter memory 33b beforehand stores “high” 
priority if the AP-ID value is “1” as indicated by 621 in FIG. 6 and 
“middle” priority if the APTD value is “3” as indicated by 622. 

15 Incidentally, for “low” priority, the radio terminal conducts no 

communication; for “middle” priority, the radio terminal carries out non 
real-time communication; and for “high” priority, the radio terminal 
accomplishes real-time communication. 

[0074] 

20 The timer value memory 34 shown in FIG. 3 stores the IFS timer 

value and the range of random back-off time used by the radio terminal 
to transmit the PS-Poll which is used to request the radio base station to 
send packets buffered therein. 

[0075] 

25 When a switch in an application in communication is notified from 

the application communication management control section 35, the timer 
determining section 36 of FIG. 3 obtains the AP-ID of each application 
currently being in communication from the communicating application 
memory 32 to recognize the applications being in communication. The 

30 timer determining section 36 obtains priorities of the applications being 
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in communication from the parameter memory 33, and finds out the 
highest priority from the obtained priorities. The timer determining 
section 36 attains the IFS and the range of random back-off time used 
when the radio terminal of the present invention actually transmits the 
5 PS -Poll based on the attained highest priority, and sets them to the IFS 

timer value 342 and the random back-off time range 343 in the timer 
value memory 34. 

[0076] 

The timer control section 37 obtains an IFS value from the IFS 
10 timer value 342 for PS-Poll transmission and a random back-off time 
value from the random back-off time range 343 for transmission of the 
PS -Poll. The timer control section 37 provides the communication 
control section 39 with the timer by use of these values when the IFS 
timer and the random back-off timer are required by the control section 
15 39 at transmission of the PS-Poll. 

[0077] 

The communication control section 39 conducts control such that 
the radio communication interface section 40 transmits data from the 
communication application 31 and also conducts control to pass the data 
20 received by the interface section 40 to communication application. In 
addition, at PS-Poll transmission, the communication control section 39 
receives the IFS timer and the random back-off time range from the 
timer control section 37 to execute transmission processing of the 
PS -Poll. 

25 [0078] 

Next, description will be given in detail of the operation of the 
embodiment by referring to FIGS. 3, 6 and 7. When activated, the 
communication application 311 shown in FIG. 3 stores the APTD and the 
priority of communication corresponding to the communication 
application 311 in the parameter memory 33. Here, the APTD is 
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uniquely assigned to the communication application. For example, if 
the AP-ID with a value of “1” is assigned to the activated communication 
application 311, communication priority “high” is stored in the 
application 311 as indicated by 621 in FIG. 6. 

5 [0079] 

Subsequently, if the communication application 311 actually 
starts communication, the application 311 notifies the start of 
communication to the application communication management control 
section 35. For example, that communication has started for AP-ID “1” 
10 is notified. If the start of communication is notified from the 

communication application 311, the management control section 35 
determines that the communication has been started (step C51 of FIG. 7) 
and adds the notified AP-ID to the communicating application memory 
32 as indicated by 611 in FIG. 6 (step C52 of FIG. 7). The adding 
15 processing is similar to that of the embodiment shown in FIG. 4. 

[0080] 

Having added the AP-ID to the memory 32, the management 
control section 35 notifies a switch conducted in the communication to 
the timer determining section 36. When the notification of the switch of 
20 communication is received from the management control section 35, the 
timer determining section 36 searches the in-communication 
communicating application memory 32 to obtain applications currently 
being in communication (step C53 of FIG. 7). 

[0081] 

25 Next, the timer determining section 36 searches the parameter 

memory 33b to obtain priority for each of the obtained communication 
application (step C54 of FIG. 7). For example, if the obtained AP-IDs of 
the communication applications are “0”, “1” and “3”; “low”, “high” and 
“middle” priorities are respectively set for the AP-IDs “0”, “1” and “3” as 
indicated by 620, 621, and 622 in FIG. 6. 
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[ 0082 ] 

Subsequently, the timer determining section 36 determines the 
highest priority in the obtained priorities (step C55 of FIG. 7). In this 
way, if the timer determining section 36 has retrieved a plurality of 
5 communication applications in execution (three in the above case), the 
timer determining section 36 conducts aggregative computations to 
obtain the highest one of the priorities corresponding to the operation 
modes of these communication applications. In the above case, since the 
obtained priorities are “high”, “middle” and “low”! “high” is determined 
10 as the priority. 

[0083] 

Thereafter, the timer determining section 36 determines, 
according to the determined “high” priority, the IFS and the range of 
random back-off time to be used when the radio terminal actually 
15 transmits the PS-Poll (step C56 of FIG. 7). As an example to attain the 
IFS and the range of random back-off time, there is employed a method 
as follows. The timer determining section 36 sets the IFS timer value 
using a Distributed Inter Frame Space (DIFS), namely, DIFS _ 2t for 
“high” priority, DIFS*t for “middle” priority, and DIFS for “low” priority. 
20 Here, the value of t is assumed to be an arbitrary value. 

[0084] 

Also, assuming that the maximal value of the normal random 
back-off time is R, the random back-off time range is set to from 0 to 0.5R 
for “high” priority, from 0 to 0.75R for “middle” priority, and from 0 to R 
25 for “low” priority. Here, assuming that the highest priority determined 
in step C55 is "high", it is determined in step C56 that the IFS timer 
value is DIFS-2t and the random back-off time range is from 0 to 0.5R. 
[0085] 

The IFS timer value and the random back-off time range 
30 determined as above are set as the IFS timer value 342 and the random 
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back-off time range 343 in the timer value memory 34 (step C57 of FIG. 
7). The timer control section 37 provides the power control section 38 
with the timer through the communication control section 39 on the 
basis of the IFS timer value 342 and the random back-off time range 343. 

5 Consequently, if the IFS timer value 342 and the random back-off time 
range 343 change due to the start of the operation of a communication 
application, the IFS and the range of random back-off time used for the 
PS-Poll by the radio terminal of the present invention are changed in 
cooperation therewith. 

10 [0086] 

In this connection, if the established communication of the 
communication application 311 is cut off, the communication application 
311 notifies the application communication management control section 
35 of to the cutoff of the communication of the application. Having 
15 received the information of the cutoff of the communication from the 
communication application 311, the management control section 35 
determines that communication has been cut off (step C51 of FIG. 7), and 
deletes the APTD corresponding to the notified AP-ID from the 
communicating application memory 32 (step C58 of FIG. 7). 

20 [0087] 

After deleting the corresponding AP-ID from the memory 32, the 
management control section 35 notifies the timer determining section 36 
of a switch made in the communication. After this point, the operation 
proceeds to the aforementioned step C53, and the processing of steps C53 
25 to C57 is executed. 

[0088] 

If all applications in communication are deleted from the 
communicating application memory 32 in step C58, only the AP-ID “0” 
given as an initial value remains. Therefore, if there is no application 
30 in communication, the communication control section 39 conducts the 
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transmission processing using the normal IFS value and the normal 
random back-off time range. 

[0089] 

As above, according to the present embodiment, since the timer 
5 value memory 34 keeps the IFS timer value and the random back-off 
time range used when transmitting the PS-Poll, priorities can be set by 
the applications in communication. Therefore, in the communication 
requiring real-time processing such as voice communication, there can be 
obtained an advantage that the influence of delays is reduced. 

10 [0090] 

In the description above, although the parameter memory 33 is 
subdivided into three levels of priorities, the levels of the subdivision are 
not limited at all. Even if the number of subdivision levels becomes 
larger, the present embodiment operates in a similar way. 

15 [0091] 

In addition, the present embodiment may be combined in use with 
the first embodiment described in connection with FIGS. 3, 4, and 5. By 
keeping the wake-up timer value 341 and the IFS timer value 342 and 
the random back-off time range 343 used at transmission of the PS-Poll 
20 in the timer value memory 34, it is possible that the intermittent 
receiving interval can be changed by the applications being in 
communication as well as the influence of delays can be reduced in the 
communication requiring real-time processing such as voice 
communication, which leads to an advantage of improvement in the voice 
25 quality. 

[0092] 

Next, description will be given in detail of further another 
embodiment of the present invention. FIG. 8 is a block diagram of the 
embodiment of a radio terminal according to the present invention. In 
30 FIG. 8, the same constituent components as those of FIG. 3 are assigned 
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with the same reference numerals, and description thereof will be 
avoided. The radio terminal shown in FIG. 8 differs, when compared 
with that shown in FIG. 3, in that there are included a battery charge 
detector 82 and a parameter limit memory 83. Additionally, the radio 
5 terminal shown in FIG. 8 includes a timer determining section 81 as a 
substitute for the timer determining section 36 shown in FIG. 3, the 
section 81 including determining means different from that of the timer 
determining section 36. Besides, a battery 80 supplies power 

necessary for the respective sections of the radio terminal (incidentally, 
10 not shown in FIG. 3). 

[0093] 

Upon receipt of a request to detect the remaining battery charge 
from the timer determining section 81, the battery charge detector 82 
measures the remaining charge in the battery 80 and notifies it to the 
15 determining section 81. In the parameter limit memory 83, as can be 
seen in detail in FIG. 9, the limit values 911 and 921 of the power-saving 
rate and the limit values 912 and 922 of the priority at communication 
are determined according to the proportions 910 and 920 of the 
remaining charge in the battery. Incidentally, these values are stored 
20 in advance. The timer determining section 81 reads the value from the 
parameter limit memory 83. In the determination of the respective 
values of the timer value memory 34, the timer determining section 81 
differs from the timer determining section 36 of the embodiments 
described above in that the limit values of the respective values are set 
25 according to the remaining battery charge. 

[0094] 

Subsequently, description will be given in detail of the operation 
of the present embodiment by referring to FIGS. 9 to 11. In the present 
embodiment as in the above-mentioned embodiments, the timer 
30 determining section 81 searches applications currently in communication 
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(step E51 in FIG. 10), obtains the respective values of the timer memory 
values 34 of the respective communication applications (step E52 of FIG. 
10), and determines the values the timer value memory 34 (step E53 of 
FIG. 10). In this way, as in the respective embodiments described above, 
5 the operation unique to the present embodiment is conducted after the 
respective values of the timer memory 34 are determined. 

[0095] 

That is, the timer determining section 81 obtains the proportion of 
battery remaining charge from the battery charge detector 82 (step E54 
10 of FIG. 10). The section 81 refers to the parameter limit memory 83 
using the obtained proportion of remaining battery charge to obtain limit 
values for the power-saving and the priority to be set to the current 
timer value memory 34 (step E55 of FIG. 10). Then, the timer 
determining section 81 compares the respective parameter values 
15 determined in step E53 with the limit values obtained in step E55 (step 
E56 of FIG. 10). 

[0096] 

Next, according to the result of the comparison in step E56, the 
timer determining section 81 determines which one of the value 
20 determined in step E53 (determined value) and the value obtained in 
step E55 (limit values), i.e., the minimum value of the timer value is to 
be used. The choice for the value is made depending on the comparison 
result. For example, in the case of determining the power-saving rate, if 
the power-saving rate determined in step E53 is equal to or more than 
25 the limit value of the power-saving obtained in step E55, the power 
saving rate determined in step E55 is employed (step E57 of FIG. 10). If 
the power-saving rate is, smaller, the power saving limit value is 
employed (step E60 of FIG. 10). 

[0097] 

30 On the other hand, in the case of determining the priority, if the 
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priority determined in step E53 is equal to or more than the limit value 
of priority obtained in step E55, the priority determined in step E53 is 
employed (step E57 of FIG. 10). If the determined priority is lower, the 
limit value is employed (step E60 of FIG. 10). Accordingly, if the 
5 proportion of remaining battery charge set to the parameter limit 
memory 83 is reduced to equal to or less than 20% as indicated by 920 in 
FIG. 9, by inhibiting the intermittent receiving operation at an interval 
shorter than the intermittent receiving interval determined by the limit 
value 80% of the power saving rate, it is possible to prolong life of the 
10 battery 80. In addition, it is also possible by increasing the priority to 
the limit value “middle” that the termination processing of an 
application and the like are normally executed. 

[0098] 

According to the present embodiment, there are arranged the 
15 battery charge detector 82 and the parameter limit memory 83. With 
this construction, there is obtained an advantage in which it is possible if 
the battery remaining charge is reduced to conduct adjustment to use the 
battery as long as possible. Moreover, there is obtained an advantage to 
urge an operation in which an application can be terminated normally 
20 before abruptly interrupted during communication. 

[0099] 

Incidentally, it is also possible that the timer determining section 
81 regularly inquires the remaining battery charge of the battery charge 
detector 82 to compare it with an associated limit value to update the 
25 value. Also, the battery charge detector 82 may include a function in 
which the detector 82 regularly detects the remaining battery charge, 
compares it with the value in the parameter limit memory 83, and 
notifies, when the range of the battery remaining charge portion is 
changed, the change to the timer determining section 81. In this case, 
30 when the notification is received, if the timer determining section 81 
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updates the respective values stored in the timer value memory 34, it is 
possible to cope with the change in the remaining battery charge during 
the communication. 

[ 0100 ] 

5 [Effect of the Invention] 

As described above, in accordance with the present invention, 
there are obtained various advantages as below. 

[ 0101 ] 

(l) Since the intermittent receiving interval can be dynamically 

10 changed by the communication applications being in execution, even if 
there is any communication application being in communication, electric 
power consumption can be reduced as much as possible, and available 
time of the radio terminal can be prolonged as a result. 

[ 0102 ] 

15 (2) Since the intermittent receiving interval during operation of the 

intermittent receiving operation can be freely changed only by the 
setting on the radio terminal side regardless of the radio base station, in 
the case where a plurality of radio terminals are connected to one radio 
base station, the respective radio terminals can perform the intermittent 

20 receiving operation at mutually different intermittent receiving intervals. 
Therefore, each radio terminal can change its intermittent receiving 
interval without being influenced by other radio terminals connected to 
the same radio base station. 

[0103] 

25 (3) Since the intermittent receiving interval during the operation of the 

intermittent receiving operation can be freely changed only by the 
setting on the radio terminal side regardless of the radio base station, 
there is no need for any special radio base station, and hence many radio 
base stations widely used at present are readily available. 

30 [0104] 
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(4) In most cases, by performing the intermittent receiving operation, it 
is possible to become aware that its packets are buffered in the radio 
base station earlier as compared with the operation in a normal 
intermittent receiving mode in synchronism with a beacon with DTIM. 

5 Therefore, packet delays can be more reduced in communication in the 
intermittent receiving operation of the present invention than in the 
operation of the normal intermittent receiving mode in synchronism with 
a beacon with DTIM. It is hence possible to prevent deterioration in the 
voice quality of the communication requiring real-time processing such 

10 as voice communication. 

[0105] 

(5) If the remaining battery charge of the radio terminal is reduced to 
less than a certain value, the radio terminal is made not to conduct the 
intermittent receiving operation at an intermittent receiving interval 

15 shorter than that determined by the limit value such that the application 
termination processing and the like are normally carried out by 
increasing the priority. Therefore, it is possible, when the battery 
remaining charge is less than a certain value, to use the battery as long 
as possible,' moreover, for an application in communication, it is 

20 possible to normally terminate the communication before the 
communication is abruptly interrupted. Also, since preferential 
transmission is possible, the wait time can be reduced, which lowers 
electric power consumption. 

[Brief Description of the Drawings] 

25 [FIG. l] is a sequence chart to explain an outline of operation in an 
embodiment of a radio communication system in accordance with the 
present invention. 

[FIG. 2] is a system configuration diagram of an embodiment of a radio 
communication system according to the present invention. 

30 [FIG. 3] is a block diagram of an embodiment of a radio terminal 
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according to the present invention. 

[FIG. 4] is an explanatory diagram of an example of the memory contents 
of the in-communication application memory and the parameter memory 
in FIG. 3. 

5 [FIG. 5] is a flowchart for explaining the operation of the first 
embodiment of the radio communication system according to the present 
invention. 

[FIG. 6] is an explanatory diagram of another example of the memory 
contents of the in-communication application memory and the parameter 
10 memory in FIG. 3. 

[FIG. 7] is a flowchart for explaining the operation of the second 
embodiment of the radio communication system according to the present 
invention. 

[FIG. 8] is a block diagram of another embodiment of a radio terminal 
15 according to the present invention. 

[FIG. 9] is an explanatory diagram of an example of the contents of the 
parameter limit memory in FIG. 8. 

[FIG. 10] is a flowchart for explaining the operation of the third 
embodiment of the radio communication system according to the present 
20 invention. 

[FIG. 11] is a sequence diagram schematically showing an outline of 
operation of a conventional radio communication system. 

[Description of Reference Numerals] 

11, 21 Radio base station 
25 12-1, 12-2, 12-3, 22, 23 Radio terminal 

24 Terminal unit 

31 Communication application 

32 In-communication application memory 
33, 33a, 33b Parameter memory 

30 34 Timer value memory 
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35 Application communication management control section 
36, 8 1 Timer determining section 

37 Timer control section 

38 Power control section 

39 Communication control section 

40 Radio communication interface section 

82 Battery remaining charge detector 

83 Parameter limit memory 
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[Title of Document] Abstract 
[Abstract] 

[Problem] If the beacon receiving interval is elongated to save power in 
a radio terminal, delay occurs in the reception of packets addressed 
5 thereto. Also, data reproducibility is disrupted in the real-time 
communication of voice and mobile images. 

[Solution] The intermittent receiving intervals for the radio terminals 
12-1, 12-2, and 12-3 are set according to the operation modes of the 
applications running on the respective radio terminals. Therefore, the 
10 intermittent receiving interval can be changed in cooperation with the 
operation mode of the application and hence power-saving control for the 
radio terminal can be conducted precisely. Also, the radio terminals 
12-1, 12-2, and 12-3 can keep priorities of packet transmission requests 
transmitted to the radio base station 11. The priorities are set 
15 according to the operation modes of the applications running on the radio 
terminal 12-1, 12-2, and 12-3, and the packets of real-time 

communication can be transmitted preferentially. 

[Selected Drawing] FIG. 1 




[Title of Documents] Drawings 





F I G. 2 



LAN COMMUNICATION LINE OR 
WAN COMMUNICATION LINE 






F I G. 4 







F I G. 5 



START 



--^APPUCAT10N^\ 
COMMUNICATION IS 
STARTED OR CUT OfT^ 



CUT OFF 



1( START ^ 

ADD APPLICATION 
TO COMMUNICATING 
APPLICATION MEMORY 



DELETE APPLICATION 
FROM COMMUNICATING 
APPLICATION MEMORY 



SEARCH COMMUNICATION U.A53 
APPLICATION IN EXECUTION [ 



OBTAIN PERCENTAGE 
OF POWER-SAVING FOR 
EACH APPLICATION 



-A54 



DETERMINE PERCENTAGE 
OF POWER-SAVING 
(MINIMUM VALUE) 



A55 



DETERMINE INTERMITTENT 
RECEIVING INTERVAL 



SET INTERMITTENT 
RECBVING INTERVAL 



A57 








F I G. 6 



32 



IN— COMMUNICATION 



APPLICATION MEMORY 








F 1 G. 7 











F I G. 9 






FI G. 10 










o 






